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. 

An investigation has been conducted in the Langley 15-foot free- 
spinning tunnel on a research model, representative of a present-day 
trainer or a four-place cabin monoplane, with varied moments of inertia. 
The tests were made for ei&t different wing arrangements and four 
different tail arrangements, including a twin tail. The momsnts of 
inertia about the three airpLane axes were increased or decreased by a 
constant percentage and the results were compared. Comparison is also 
made between these results and those previously presented for conditions 
with the airplane relative density varied. 

The results of variation of moments of inertia indicated that, within 
the range of the present tests, uniformly decreasing the moments of inertia 
led to steeper spins, higher angular and vertical velocities, and faster 
recoveries. Comparison of these results with results of previous tests 
indicated that adding weight at the center of savity up to 50 percent of 
the basic weight led to higher rates of descent and rotation, had little 
effect upon recoveries when the eievators were up, and generally had a 
somewhat adverse effect upon recoveries when the elevators were neutral or 
down. The results also indicated that the twin-tail configuration was a 
very effective arrangement as regards spin recovery. 

INTRODUCTION 

Spin-tunnel experience has indicated that moments of inertia may have 
significant effects upon the spin and recovery characteristics of an air- 
p2ane. In order to make avaiiable additional results on the effects of 
moments of inertia, the results of an investigation conducted during 1939 
on a low-wing airplane model in the Langley 15-foot free-spinning tunnel 
are presented in this paper- Eight different wing arrangements and four 
different tail arrangements, including a twin tail, were investigated. 
The investigation was an extension of the research conducted with the low- 
wing airplane model reported in references 1 to 5- / 

c, 
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For the investigation referred to herein, moments of inertia about 
the three airplane axes were increased or decreased by a constant per- 
centage. Such changes would occur on an airplane if items of loadwere 
shifted along both the wings and the fuselage. The present results are 
considered comparable to those previously obtained when the relative 
density was varied (reference 5). In reference 5, the results presented 
were for loadings obtained by increasing or decreasing the moments of 
inertia and at the sams time altering the weight correspondingly In order 
to keep the radii of gyration constant. For the present tests, corre- 
sponding moment-of-inert-la variations wsre made but the weight was main- 
tained constant. 

The tail arrangements varied from a short rudder above a shallow 
fuselage to a full-length rudder and raised horizontal tail on a deep 
fuselage, and also included a twin-tail deei@. The wing variables were: 
tip shape, airfoil section, @an form, thickness, and landing flaps. 
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wing span, feet 

-43 -a, square feet 

Wing nrean chord, inches S 
0 'i; 

ratio of distance of center of gravity rearward of 
leading edge of tin& mesn chord to ting mesn chord 

ratio of distance between center of gravity snd thrust 
line to ting mean chord (positive when center of 
gravity is below thrust line) 

mass of airplane, slugs 

air density, slug per cubic ,foot 

airplane relative-density parameter m 
( 1 5%. 

moments of inertia about X 
respectively, slug-feet !3 

Y, and Z body sxes, 

radii of gyration about X, Y, and Z body axes, 
respectively, feet 

inertia yawing-moment parameter 
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=y - =z 
mb2 

Iz - Ix 
mb2 

inertia rolling-moment parsmeter 

inertia pitching-moment parsm3ter . 

IZ - IY 

Iz - Ix 
inertia rolling-moment and yawing-moment parameter 

angle between thrust line and vertical. (approximately 
equal to absolute value of angle of attack at plane 
of symmetry), degrees 

angle between span axia and borizontal, degrees 

model rate of descent, feet per second 

model angular velocity about spin axis, radians per 
second 

The tests were conducted in the Langley 15-foot free-spinning 
tunnel which has since been superseded by the larger 20-foot free- 
spinning tunnel. A general. description of model construction and testing 
technique in th3 Langley 15-foot free-spinning tunnel is given in 
raference 6. Use of a launching spindle has, however, been replaced by 
launching ths model by hand into the vertically rising air stream. A 
photograph of a model spinning in the Langley 20-foot free-spinning tun&. 
is shown as figure 1. 

The basic condition of the model for thy present investigation was 
similar to th3 basic condition referred to in reference 5. The model is 

1 
considered to represent a --scale model of a current trainer or a four- 15 
place cabin monoplans. Figure 2 is a two-view drawing of the basic model, 
and photographs of the basic model are shown as figure 3. The wing and. 
tail surfaces were independently removable end interchangeable to permit 
testing any combination. The exchange of surfaces could be made without 
any change in mass distribution. Tns mass distribution, however, could 
be independently vsried by th3 relocation of weights. 

The various wing configurations used ar3 shown in figure 4 and are 
designated as follows: 

Wing 1 - NACA 23Ol2 section; rectangular plan form; Army tips. 

Wing 2 - Same as wing 1 with 2Lpercent full-span eplit flaps 
* deflectid 63”. 
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wQ-a3 - mcx 23012 section; rectangular plan form; rectangular 
tips* 

Wing 4 - Ssme as wing 3 with faired tips. 

Wing 5 - NACA 0009 section; rectangular plan form; Army tips. 

Wing.6 - NACA 6718 section; rectangular plan form; Army tips. 

wing 7 - NM2.A 23012 secti0n; 5:2 taper ratio; AI-DIY tips. 

wing8- NACA 23018-09 section (standard Army wing); 2:l taper 
ratio; square center; Army tips. 

Photographs .oF the wings are shown as figures 5 and 6. Figures 2 
and 3 show the model with the basic wing (wing 1) and tail C installed. 
Thie wing is of NACA 23012 section with rectangular plan form and Army 
tips. In commo~l with the other wings, it has an area of 150 square 
inches, a span of 30 inches, and no dihedral, twist;-or sweepback. Thh 
other seven wings have varied dimensional characteristics as indicated 
in figures 4 anc~ 6. 

Each wing was mounted on the model at an s&La of incidence equal 
to the angle of zero lift for the particular section. 

The four tail configurations used are designated tails A, B, C, 
andD andare showninfigures 7 and8. Tail C had a shallow fuselage 
with rudder completely above the tail cone. TailB was derived from 
tail C by increasing the fuselage depth, raising the stabilizer and the 
elevators, and installing the original fin and rudder atop the deepened 
fuselage. Tail A was similar to tailB except for full-length rudder 
construction and slightly increased elevator cut-out. Tail D has the 
same areas and tall lengths as tail C. The vertical tail'area was redis- 
tributed to form two vertical tails of circular plan form, each having 
half the original area. The dimensional characteristics of the various 
tail arrangements are given in table I. The tail-damping power factor 
was computed by the method described in ref-erence 7. The stabilizer wa8 
set at zero incidence for each tail. Thsre W&B no fin offset. A 
clockwork delay-action mechanism was installed in the model to actuati 
the controls during recovery tests. 

The full-scale dilnenaional characteristics for this model (assumed 
l/l5 scale) with any one of the wings shown in figure 4 and tit21 tail C 
installed would be: 
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Mean wing chord, inches ....................... 75 
Span,feet ............................ .37.5 
Wing area, square feet ..... ;-. .............. 234.4 
Aspectratio ............................. 6 
Distance from quarter-chord point to elevator hinge, feet ..... 16.6 
Distance from quarter-chord point to rudder hinge, feet ....... 16.9 
Fin area, square feet ....................... 6.8 
Rudder area, square feet ...................... 6.9 
Stabilizer area, square feet ................... 19.8 
Elevator area, square feet .................... 12.9 
Control travel, degrees 

Rudder ............................. 230 
Elevatorup ......................... ..3 0 
Elevatordown .......................... . 

The model was ballasted by the installation of proper lead weights 
to represent an airplane spinning at 6000 feet altitude (p = 0.001988). 
If the model were arbitrarily assumed to be l/l5 scale, the corresponding 
characteristics for the basic loading and for the loadings with moments 
of inertia decreased and increased would be the values given in table II. 
The moments of inertia were decreased approximately 16 percent of the 
basic values and increased approximately 24 percent. It was noted for 
the present investigation that, with the moments of inertia decreased, the 
actual vtiues of the moments of inertia were about the ssme as those for 
the low relative-density condition previously presented in reference 5. 
With the moments of inertia increased, the increases were approximately 
60 percent of the corresponding increases obtained for the high relative- 
density condition. 

PRECISION 

The model test results presented sre believed to be the true values 
given by the model within the following limits: 

a,degrees ............................. fl 
9,degrees ............................. fl 
V,percent ............................. 25 
n,percent ............................. f2 
Turns for recovery 

when obtained from motion-picture records ............ G 
when obtained by visual estimate ................ 4 kz 

The preceding limits may have been exceeded for those spins for 
which it was difficult to control the model in the tunnel because the 
rate of descent w&e high or because the spin was wandering or oscillatory. 
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The accuracy ofmeasuring the weight and mass distribution of the 
model is believed to be within the following limits: 

Weight, percent ........... : ... : ...... ;. .......... -fl 
Center-of-gravity location, percent c ................ fl 
Moments of inertia, percent ........... -., ......... +5 

The controls were set with an accuracy of +1'. 

Tests made at-the basic, or normal, loading were repeat tests, and 
the results agreed fairly well with corresponding results of reference 5, 
although the agreement was not always exact as a result of inadvertent 
slight damages to the modelresultingfrom testing. 

For each wing and tail.combination with each set of values of the 
moments of inertia, spin tests were made for four control settings: 

(a) Rudder 30°.with the spin, elevators 30' up 

(b) Rudder 30° with the spin, elevators neutral 

(c) Rudder 30° with tie spin, elevators 20' down 

(a) Rudder neutral, elevators neutral 

Recovery from (b) and (c) was attempted by reversal of the rudder, 
recovery from (a> by complete reversal of both controls as well as by 
reversal of the rudder alone, and recovery from (d) by moving the rudder 
full against the spin and the elevator full down. Ailerons were not 
deflected during the investi@;ation. 

REEXLTS AND DISCCSSION 

The results of the spin tests of the model are presented in 
tables III to XI. Tables XII to XIX present a comparison of results 
obtained with the moments of inertia decreased with the corresponding 
results previously obtained with the relative density decreased and thus 
&ford a determination of the effect of variation In weight atthe center 
of gravity. All results m presented in terms of model values. Conver- 
sion to full-scale values may be obtained by methods described in 
reference 6. 
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Effects of Moment-of-Inertia Vsriations 

Tables III to X indicate that, when the rudder was initially with 
the spin, the qualitative effects upon the spin and recovery character- 
istics of variation in the moments of inertia were generally the same for 
each of the tail snd wing arrsngements tested. In general, decreasing 
the moments of inertia led to steeper spins andmore rapid recoveries; 
whereas increasing the moments of inertia led to somewhat flatter spins 
and slower recoveries. The angular and vertical velocities in the spin 
increased as the moments of inertia decreased, and vice versa. 

Table XI presents the results of tests for decreased, basic, and 
increased values of moments of inertia when all the controls, including 
rudder, were neutral. When the twin tail, tail D, was installed, no spin 
was obtained for any wing arrangement or any moment-of-inertia condition. 

As previously indicated, the results presented in reference 5 were 
for loadings with varied relative densities which were obtained by 
changing the moments of inertia and at the ssme time changing the weight 
to keep the radii of gyration constant. Comparison of the current results 
with those presented in reference 5 indicates that, for the range of ma88 
variation considered in this investigation, systematic changes in moments 
of inertia will effect the recovery characteristics in a manner similar 
to that brought about by changes in relative density involving similar 
moment-of-inertia variations , particularly when the elevators are up. It 
thus appears that the chenges in moments of inertia associated with a 
change in relative density are primary factors affecting the spin recovery. 
In tables XII to XIX, results with moments of inertia decreased are 
compared with results for relative density decreased for the different 
wing arrangements. The condition with moments of inertia decreased repre- 
sents the model with weight in at the center of gravity; whereas the 
condition with the relative density decreasea represents the model with 
the weight out at the center of gravity. The difference inweightwas 
approximately 25 percent. When the elevators were up, the recovery charac- 
teristics for the two loadings were quite similar slthough the rates of 
descent and the angular velocities in spins were higher with the weightin. 
When the elevators were neutral or down, the results were not always 
consistent, but a small adverse effect upon recovery characteristics 
appeared to result from adding weight at the center of gravity. 

Although no coqarison is presented herein, the test results with 
moments of inertia increased may be compared with corresponding results 
from reference 5 with the) relative density increased. The difference in 
these two loadings can be considered to represent the effect of added 
weight at the center of gravity of approximately 50 percent of the basic 
weight. As previously mentioned, the moment-of-inertia changes were notso 
great as those made in reference 5, but the general conclusions to be drawn 
sre quite similar to those drawn from the comparison made between decreased 
moments of inertia and decreased relative density. 
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Effects of Tail and Wing Arrangement 

Comparison of the results for tails A, B, and C for sny moment-of- 
inertia condition indicated that tail A gave the mostrapid recoveries 
and tail B gave the steepest spins but slower recoveries; tail C gave the 
slowest recoveries. The effects of wing and loading variations were most 
apparent-for tail C. With the twin tail D installed, spins for any 
moment-of-inertia condition were generally as steep as those for tail B, 
but recoveries were as good as or better than those for tail A. Tail D, 
as previously indicated, was formed by the use of vertical fin and rudder 
areas equal to those for tail C, and the improved recovery characteristics 
obtained with the twin-tail configuration indicates that it is a very 
effective arrangement as regards spin recovery. The difference in results 
obtained for tails A, B, C, and D are in agreement with the finaings of 
reference 8. 

For any moment-of-inertia condition, the wings with rectangular and 
faired tips (wings 3 and 4) gave the steepestspins, the most outwara 
sideslip, and the most--rapid recoveries. The rectangular wing with Army 
tips (wing 1) consistently gave flatter spins and slower recoveries. - 
Even slower recoveries.were-obtained for the wing with 5:2 taper (wing 7). 
The wing with NACA 6718 section (wing 6) led to spins in which the inner 
wing was down a relatively large amount. Flaps deflectid 60~ (wing 2) . 
generally retarded recovery. The Army standard wing (wing 8) generally 
gave more satisfactory recovery characteristics than the basic rectangular 
wing. 

The NACA 0009 section (wing 5) led to faster recoveries when the 
moments of inertia were decreased than did either the 23012 or the- 6718 
section; whereas, when the moments of inertia were increased, the 
NACA 6718 section (wing 6) led to the fastest recoveries. These results 
may be explained on the basis of reference 9, which indicates that 

as Ix - ry becomes more negative, 
nib2 

downward tilt of the inboard wing .- 
during the spin is favorable, and vice versa. It was noted thakwhen 
wing 5 was Jnstalled on the model, the outboard wing tip (left tip in a 
right spin) was tilted down; whereas when wing 6 was installed, the 
inboard tip was down. Also, the relative mass distribution along the 

fuselage was decreased 
( 

=x - =Y 
mb2- 

beceme less when the moments 

of inertia were decreased, snd vice versa. 

The effects of tail and wing variables were in general similar to 
those previously report& in reference 5. 
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Effects of Control Setting 

9 

Within the range tested, moment-of-inertia variations appeared to 
have no appreciable effect upon control effectiveness in producing 
recoveries. Recoveries from @pins with the elevator neutral and the 
rudder with the spin were very similar to those from corresponding spins 
with the elevators down. Except for the twin-tail, tail D, holding the 
elevators up resulted in the steepest spins (from which the most.rapid 
recoveries were obtained). For the twin-tail arr.angement, elevators up 
gave somewhat flatter spins than elevators down. The simultaneous rever- 
sal of the rudder from rudder with to rudder against the spin and of the 
elevator from up to down gave better recovery than only rudder reversal 
for tails B and C (the tails with short rudders) but not for tails A 
snd' D. 

CONCLUSIONS 

The results of tests made on a research model with varied moments 
of inertia, and comparison with previous results led to the following 
conclusions: 

1. TJniformly decreasing the moments of inertia led to steeper spins, 
higher angular and vertical velocities, and faster recoveries. 

, 
2. Adding weight up tc 50 percent of the basic weight at the center 

of gravity led to higher rates of descent and higher angular velocities, 
had little effect upon recoveries when the elevators were up, and gener- 
ally had a somewhat adverse effect upon recoveries when the elevators 
were neutral or down. 

3. The twin-tail configuration was a very effective arrangement as 
regards spin recovery. 

Langley Memorial Aermautical Laboratory 
NatTonal Advisory Committee for Aeronautics 

Langley Field, Va., December 31, 1947 
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TABLE II.- FULL-SCALF,L9ADIHGSRASEDONASSJMPTION OF &XALEM~L 

Item 

wetght, lb . . . 4720 

Ix, elug-ft2. . I 2310 

Iyr slug-ft2. . . 3320 

IZ' slug-ft2. . . 

Ix *- Iy . . . . . 
nib2 

IY - =z . 1 . , 
*2 : 

=z - Ix. . I . , 
nib2 

Iz - Iy. . . . . 
=z - Ix 
p (at 6000 ft). . 

x/c . . . . . . . 

z/c . . . . . . . 

Loading with 
moments of 

nertia decreased 

5o4o 

L49 x 10-4 

-83 x 10~~ 

132 x io-4 

0.64 " 0.64 0.64 

8.4. 8.4 8.4 

0.25 0.25 0.25 

0 0 0 

Basic 
10--=X 

472o 

2760 

3970 

6150 

-59 x lo-4 

-105 x lo-4 

164 x lo-k- 

Lxdlqtith 
moments of 

nertia increased 

47x, 

3380 

4915 

7700 

-75 x 10-k 

-135 x 10-4 

210 x io-4 
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Deoreased Deoreaaed &a10 Inorerred 

Elevator 

Neutral 

55. 2.0 

w 

34.1 11.6 
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Neutral 

- 

47.6 .9D 

w 

35.4 3.8 

3s 4 

.4 2. fz! 5.0 12. 

‘** 33 

El No spin 

%wcJ obssrvatlon. 
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Node1 TalUSS 
' ~msans model did not reOo%wr. 
%h e spin la steep and oaolllrtory. 
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U inner wing up 
D inner wing down 
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TABLE V.iSPIB AND FlEUO'?E "Eht,;~t,~"" 6s A RlCBEtARoli MDEL WIT2 WIHO 3 

Epln drtr presentad far rllerons neutral, rudder with the #pin; turm for reoorery 
measured whsn rudder done is rermaea filly Ma rapidly, sxoept as noted; key to 
table given 8t bottom of pegg 

Ifoments of lnertls 

Daoreased Elm10 Inoreased Dsoreased Baa10 

Tall B --- 
0 0 

PII 
I I H 

Inoreassd 

j5l.o(n.ool 

Elevator 0 

B ~40.0!9.1 1 =I3 

I 1t 1 
I”,41 

Mode1 values 
u inner ring up 
D inner wing dawn 

.~lsual estimate. 
Recovery by bath rudder and elevator rererarl. 

'The spin lm steep and osolllatory. 
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TABLZ VI.- WIN AND REOOVSKf OtWIAOW.T~OS 08 A RESEAR'XI MODEL VITE Wrm, 4 . 

&in data premntea for alleronr neutnl, mador rlth the l pin; turns feti-woorrry 
roverml fully ma rapidly, exoept .I noted; key to 

DsoFeamea Bar10 Inoreaaed 

31. 0. El 5a3 11.a 

Decreased 

El No spin P3 No pln 

I 282 1 

El A0 spin El No spin 

m 
Elevator 

7.6 3. 

1.5 9.0 

w 

DP 
0 01 s 
*ol .ol 

I 

Ro data 

B 
Neutral 

26. a. q 54. 12.2 

B 

El No spin 

31. 7. H 47.s 13. 

1;s 3 

%e ornery by reversal of both rudder and elevator. 
bThe spin 1s steep and oaolllrtory. 
oVlmml observation. 

node2 v-a1ucr 
U inner wing up 
D lnnerwlng down 
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TABLE VII.-SPIN AND RUXVERY OHARh~Sl;BTIOB O? A REIEAROE WODEL WITH WIN& 5 

Epln d&r premnted ror cilerons neutml, rudder with ths rpln; turns for reoover, 
memud when rudder alone IS rev0ra.d fully and r.pldlj, e%Oept .I not& key to 
tab'; &ran at bottom of pagj 

q40nt0 0r inertb Homentr. of lnrrtl~ 

Deorsssea rnoresrea Inoreased 

Elsr&or 

52.7 .7U q 35.4 3.2 

31 

.6 .7U El’ 6.4 0.7 

6, 8 

m 

Elevator 

.9 3.9 

2.2 a.4 
=P 

2. 2 

36.3 4.lU 

w 

4.9 15.7 

* 

, I 
(lF!i’l 40.4 46.6 33.5 7.5 1. I.2 Id. 0 2 El 35.9 .l l.OU 12.1 

2$, 3+ a$, bs 
51.2 0.1~ H .4 11.2 

, 2: 

Hodel rrlusm 
u lnper Wing up 
D inner wing dmm 

%soo~ery br ravereal or both rudder and elevator. 
bVleurl obrematlon. 
'The spin 11 steep and osolllrtory. 
%O tmpe83 or spin. 
l CO meana model would not reoomr. 

Turns ior moose 1 
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TABLEVIII.-8l'UI AWDRWOV~YORAEUO~O~TI~S OPARE8EIROEHODELYITK wrwa6 . 

[*la Qtb prsrentsd for .Osron. neutral, rudder rlth the rpln; turna for rroorsry 
mm#ured when rudder alone ls revered fully and rapidly, sxoapt be noted; k8y to 
tab18 airen .t bottom oi papI 

H&t. or lnsrtla 
Dsoraaaed BaSiO Inorsossd 

Ham*ntr oi lnsrtla 
Deorsaaad Bar10 Inorabsed 

0 

El 

51. 3.8 

I3 

3s. 10.5 

$1 e 

49. 4.0 

EEI 

37. 11. 

Gp 4 

--- 116TbiOi= 

I I 

49.7 .ID El 37.7 4.4 
1 

I$, 1-g 

.7 6.0D El .4 12.1 

4 

. 

Model r.lue. 
U lnnsr wing up 
D inner ring down 

aReoors~ by rerrrnal of both rudder and elevator. 
bVfsua1 obssrvbtlon. 
i!Fbe spin la l tebp and osolllntory. 

co means model would not re007er. 
‘Vsry 080illatorr. 
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&mento of lnsrtl& 
Increased Be010 

Elevator 

54.7 0 

37.2 10.7 El l$s 1) 

"13, b2 

55.2 0.3D 

w 

35.9 11.0 

a0 a 

3.5 .3u EY 36.4 1.8 
0 
20,a0cD 

34.1 14.0 b-4-l 34.1 le.6 

>p* 3 P-l 3;s 3; 

56.2 0.4 El 34.1 14.3 

23. 3 

- 

10, 10 H 5. "23 

R.&d 

49. 1. El 37. 12.3 

4, 4 

Down 

.I .2u 

ricl .9 4.3 

12, 2 

‘Visual observation. 
$oovsry by reversal or both rudder and oleretor. 

m rn6mll node1 would not reOOI*r. 
%, spin 1s otaep and osolllato~. 
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TABLE X.-BPIU AKD REOOVEZtY (IIuRMT~ISTIU8 OF A RESCUlOR JfODCL WITH WIM3 s 
INSTALLED 

for ailerons neut$w.l, rudder with tho l pin: tumm for reomsry maourad 
is mrersad fully and -idly, exoept .I noted; key to tablo l@VOn 

20 

Homsnts of lnrrtlu 
Inoreiia%is Deoreassd 8allO 

fzf? 

-Tall 
-Elevator 

(0) 

29.9 6.3~ 

52.3 12.6 El 1 
* 

I 

(01 
52.3 0.3U 

a 

37.7 l2.2 

b& b12 

(a) 

%ecorsry by reversal of both rudder and elevator. 
'Vlaual obsematlon. 
%e apin is steep and oeoillatory. 
' cp msano model would rmomr, 
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d TdlA . -- - 
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TABLE XII.- EYFEOT 6? WEIUST VAMATSOI# AT Odm OY &~Vlti--b? A RE~EA%UXI 
WODler,lJ?OH'rHp GPIVAVDREOOVJBYOUEUOTJ?lIG~ClG; WIN&1 IIWTULED 

@ata for weight h at oenter of srprlty obtained from ourront trota wlth momenta of 
lnertla deomaaed; data for rrlght at omter of 
xlth rolatlvo denrlty dsorearod. BP% data presents 

%r" 
rlty obtalnod fwcm rotoronoa 5 

for allsron~ neutral, ruddof 
with the mph; turno for reoovory meaourod whar rudder aloao 
rapidly, oxoept aa noted; key to tablo given at bottom ot pag 

$2 rs+erred fully and 

Weight at canter or gravity Valghs 8~ oonter of gravity Weight rt osntoa or grar1ty 
In out 

142.3 k.3Dl 

Elevator 
I,?¶ 

% eoovery by reversal oi both rudder and elevator. 
+a1 eatimats. 

43 rnem~ model 616 not reoover. 

I* I Turnr for 
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l 

T&J3 XXII.- EFB'EOT OF VEIGRT VARIATION AT QICHTm OF GRAVITY OF A RESEAROE 
HODEL DPON THE SPIN AND REGOVE2X 'JH.AFuOTERISTIOS; YMG 2 INSTALLED 

~+I data prerentsd roP allsrone neutral, rudder with the q pin; turn8 ror reoooery 
mearured when Fuddrr alone is reverred fullr and rapidly, except ae noted; key 
to table glren at bottom of pap2 

bight at center 0r gravity Weight at oenter ot gravity veight 
In In 

. 

.tor Elevator 
UP 

51.0 0.8D 

F 34.1 13.4 

"39, 4 

Elevator 
down 

at canter of gratity 
In Out 

50.5 2.3D w 35.4 13.4 

iQY doo 

El No spin 

aRsoor~ by rsrerad of both rudder and elevator. 
bThr rpln lo steep and oaoillatm. Model valuea 

oGoen into a spiral g2lde. 
U Inner wing up 

doa 
D inner wing down 

meam model would not recurery. 
9~0 types 0r apln. 
fVlaual obaervatlon. 
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. TAE+E XIV.- . TAE+E XIV.- EFFEOT OF WEI EFFEOT OBWEI(HT VAFUATIOIPAT OE.UTGR OF QBAVITY OFARESEABOK 

II' 

MDtL UPON TE SPIW AND REOOVERY OiiUUOTEBISTIOS; VING 3 INST&,ED MDtL UPON TE SPIW AND REOOVERY OiiUUOTEBISTIOS; VING 3 INSTUD 
Epln data premnted far allerono neutral, rudder with the rpin; turnr for nmaorsry spin e 

meamred men rudder alone le rererred fu! mearured when rudder alone in rererred fully and rapldlj, exoept am noted; key 
to table given at bottom or pag> to table given at bottom or pag> 

Weight at oenter or gmvlty 

In out 

Weight at aenter or gravff 

In /l-w 

Wel@t at oenter or gravity 

In out 

36.9 1.7n 

w 38.6 12.6 

1‘ 3 

Elevator 
neutral 

I I F 36.6 13.1 _ 

1, 3 

Elevator 
down 

36.2 3.6 

--. .- 

. 

aViaual sstinlats. 
%e oorery by both rudder and elevator reversal. 

Model values 
OThe spin ie,eteep and aeoillatory. 

U inner wing up 
D mner wing down 

l 
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TABLE XV*-EFFEOT OT WEIGHT VARIATIONS AT OEHTIR OF GUVITY OF A REBFAROH 
HODEL UPON TKE SPIN AND RF.UOVERY OE~ARAOTWISTII~S; WING 4 INSTALLED 

Epln data prermtad for allerorm neutral, rudder with the apin; turns ior reoorery 
measured when rudder alone 1s rereroed fully and rapidly, except a6 noted; key 
to table given at bottom of pagg 

Velght at oenter or gravity Velght at center of grarlty Velght at center of gravlty 

m 31.6 0.4~ 

El No epln 

%ecwerg by reversal of both rudder and elevator. 
bVlrual obserratlon. 
*The -In is steep and osolllatory. 
dData not obtained. 

Hod\1 ~aluzea 
U inner wing up 
D lnnerwingdowa 
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TABLE XVI.- EFBEd OF WEIm VARIATIONS AT CENTER OF GRAVITY Or A RmEkROA 
MODEL UPOH TKE SPIN MD mOVEFlY lXURMTERISTIOS, WI)jG 5 I&,!- 

I: Spin data presented for allerone neutral, rudder ~1% the epint tIltiS. fam -nn-m- 
peaaursd wpen rudder~+lona-I@ rgermd fully and rapidly, A .-- L. 

r--a ---- --- ----.--* 
axoept aa noted; kef 

Xelght at oenter or gravity 

In Gut 
Velght at ornter or grmlty 

III out 

Weight at oentar or grarlty 
In out 

41. 0.4 4 39. 10.6 
b 

& 1 

Elevntcr 
w 

Elevator 
up 

aReocVery by reversal of both rudder and elevator. 
bVieual obaerratlon. 

Wade1 ralusm 
U Inner wing up 

*The spin Is strep and aeclllatory. 
%o typea or epln. 

D Inner wing &wn 

. 
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TABLE XVII.- EFFEOT OF VEIQiiT VARIATIONS AT 13D4TpI OF GRAVIfl OF A RESEAELOH 
MODEL @ON THE SPIN AND RE(IOVERy OEAUCTkXISTIOS, 1pmG 6 aSTMJJ!,D 

gpln data preeented,for ailerons seutml, nodder with the apin; tene for remvery 
mearured when naddrr alone la fully and rapidly, except am noted; key 
to table given at bottom of 

Velght at center of gravltj Weight at center or gravity Weight at oenter 0r gravity 

In out In out 

Eleztor 

In out 

(0, i&Q- 

II 

aVlsual observation. 
bRecmery by rrrersal of both rudder and elevator. Model ralwr 
*The rpln 1.0 eteep and csolllatoFJI. U lnwr wing up 

D lnnerwlngdcwn 
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TABLN Xvr~l--~F~T OF WEXQET VARIATIONS AT OEHTER OF WUVITY CW A R!@EAROE 
MODEL UPOH TEE SPIN AND REOOVERT UBARAOTTHU~TIO~, WIN0 7 INSTALLED 

[lpln data greaente4 MI, aileron* neutrel, rudder with the 8pln; tumr for m001.r~ 
measured when rudder alone 16 reverse4 fully an4 raplbly, exoept an note+ key 
to table giren at bottom of page1 

Yelght at oenter or grsrlty Yelght at oedsr or gratity Weight at osnter or grarlty 

In out 

Blrratos Blrratos 
up up 

. 

59.3 O.lD 4 34.1 14.0 

$8 3t 

Elevator 
neutril 

aVlrual obrerration. b -Rsoooery by reremal 
vhe spin fin rterp an4 oeolllatory. u inner rrng up 

D Inner wing down 
or both m44er a14 61erator. Model value8 I . 



. 
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TABLE XIX.- EFhOT OF YEIOHT VANIATIORB AT OENTW OF (IRIVITY OI A REBEAROB 

MODEL UPON THE BPIH AND FlEUOi'lWf ~HmAOTB.RIBTIOB, WIG g m4TmgD 

29 

Epln data prermteb for alleronr &utrel, rudder rlth the epln; turn8 for reoorery 
asamred when rudder alone le reversed ruliy an4 rapidlr, except ae noted; key 
to table given at bottom of pap3 

Weight at oenter of grarlt~ Weight at oenter of gravity Yelght at center of grarlty 

In 

Elevator 
w 

In 

ib) 

46.7 1.30 

El 

Elevator 
30.5 12.3 neutral 

2, 2 

46.2 2.2u 

El 40.4 13.1 

Elevator 
UP 

In out 

Elevator 
neutral 

%eaovsry by revereal of bath ru44er an4 elevator. 
bThe apln lateep axd aaolllatory. Wodelvaluee 

U .lnnar wing up 
D lnnerwingdom 



L 
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Figure l.- A model spinning in the Langley ZO-foot free-spinning tunnel. 

-557 
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Thrust 
line 

+20,00’/ 
t 

Figure 2.- Low-wing monoplane model with detachable tail and wing. 
c 
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Figure 3.- Lm~~lng monoplane model. 
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wings 1, 2, 
5 and 6 

Wings 1 and 2 

t 
5.34M 

Wings 3 and 4 

wing 5 

Wing 6 

wing 7 

Wing a 

Figure 4.- Diagrams showing plan forms and frontal views of 
wing models. 
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wingsland 

win@;5 

wing7 

Figure 5.- Wing models used ln tests. 

Win@;8 3and4 

wing6 ’ 

wing8 
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-- . --I .--_ 
1 

_--.- -.-- .-^ ..: ~ 
I=- ..-- _ : ._-: 

. . . . . . -.--..- ..-__.. 

Figure 6.- Interchangeable wing.e of low -wing monoplane mod eL V 
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Tail A TailB Tail C Tail D 

Figure 7.- Tails used on low-wing monoplane. 
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